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SEMICONDUCTOR DEVICE AND 
FABRICATION PROCESS THEREOF 

FIELD OF THE INVENTION 
The present invention relates to semiconductor 
devices and fabrication processes thereof, and particularly 
to COF (Chip on Film) semiconductor devices ("COF" 
hereinafter) in which a semiconductor element is bonded 
to a flexile circuit board, and to fabrication processes of 
such semiconductor devices. 

BACKGROUND OF THE INVENTION 
There has been rapid advancement in the field of 
electronic devices such as portable phones and portable 
information terminals in realizing smaller, thinner, and 
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more lightweight devices. This progress has called for 
improvements in various components of these electronic 
devices, including a semiconductor device mounted in an 
electronic device, in terms of size, weight, function, 
performance, and packing density. 

Currently, in some semiconductor devices, one 
approach to realize higher packing density and to reduce 
thickness and weight of the device is to mount a 
semiconductor element on a circuit board that is realized 
by forming an interconnection pattern on a thin insulating 
tape. 

Examples of such semiconductor devices include TCP 
(Tape Carrier Package) and COF. In COF, no opening is 
formed to mount a semiconductor element, but the 
semiconductor element is mounted by being bonded to a 
thin insulating tape. The thin insulating tape used in COF 
is bendable to accommodate different applications. An 
interconnection pattern is formed on a surface of the 
insulating tape to realize a flexible circuit board. The 
interconnection pattern is electrically connected to the 
projecting electrodes formed on the semiconductor 
element. The external connectors of the interconnection 
pattern are connected to external devices such as a liquid 
crystal panel and a printed board. 

For insulation, a solder resist is applied in the 
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fabrication process to exposed portions of the 
interconnection pattern, other than the portion connected 
to the semiconductor element and the portion where the 
external connectors are provided. 

One fabrication process of COF currently available is 
the MBB (Micro Bump Bonding). Another process, which 
has come into use in the last years, is a resin 
encapsulation process using an NCP (Non-Conductive 
Paste) or an ACP (Anisotropic Conductive Paste). These 
techniques are effective for semiconductor devices 
requiring multiple pins, narrow pitch, and edge touch. In 
the resin encapsulation process, an insulating resin is 
interposed between the semiconductor element and the 
flexible circuit board, and the projecting electrodes of the 
semiconductor element and the interconnection pattern on 
the flexible circuit board are connected to each other and 
sealed with the resin. 

Examples of COF fabrication processes using a 
conventional MBB technique are disclosed in Tokukouhei 
(Published Japanese Translation of PCT international 
Publication for Patent Application) 2-7180 (published on 
February 15, 1990; "Publication 1* hereinafter), and 
Tokukouhei 7-77227 (published on August 16, 1995; 
"Publication 2" hereinafter). 

In the technique disclosed in Publication 1, as shown 



in Fig. 3(a), a solder resist 5 is first applied to cover an 
interconnection pattern 2 on a circuit board 20 that has 
been prepared by forming the interconnection pattern 2 on 
an insulating tape 1. Here, the solder resist 5 is not 
applied to portions of the interconnection pattern 2 (these 
portions will be referred to as "contacts 4") to be bonded 
with the semiconductor element, or to portions of the 
interconnection pattern 2 where the connectors are 
provided. 

Then, as shown in Fig. 3(b), an insulating resin 14 is 
applied on the contacts 4. In the next step, as shown in 
Fig. 3(c), projecting electrodes (bumps) 6 of the 
semiconductor element 3 are aligned with the contacts 4 
of the interconnection pattern 2, and the semiconductor 
element 3 is pressed down in the direction of arrow A. The 
pressure exerted on the semiconductor element 3 pushes 
out the insulating resin 14 under the semiconductor 
element 3 in the direction of arrow B, so that the 
insulating resin 14 is in contact with the projecting 
electrodes 6 of the semiconductor element 3 and the 
contacts 4 of the interconnection pattern 2, while allowing 
electrical connections between the two. Further, by being 
pushed out, the insulating resin 14 protrudes from the 
semiconductor element 3 around the edges of the 
semiconductor element 3. 
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Then, as shown in Fig. 3(d), the insulating resin 14 
is cured to anchor the semiconductor element 3 on the 
circuit board 20. The insulating resin 14 is usually a light 
curable resin or a thermosetting resin. Accordingly, the 
insulating resin 14 is cured by irradiation of light or 
application of heat, as indicated by arrow D. 

The technique disclosed in Publication 2 is 
illustrated in Fig. 4(a) through Fig. 4(d). The fabrication 
process of Publication 2 is the same as that of Publication 
1 up to the step where the projecting electrodes 6 of the 
semiconductor element 3 are aligned with the contacts 4 
of the interconnection pattern 2 and pressure is applied 
on the semiconductor element 3. In the next step, however, 
the process of Publication 2 energizes a pulse heating tool 
to heat the semiconductor element 3, as indicated by 
arrow C in Fig. 4(d), with the pressure being exerted on 
the semiconductor element 3. The applied heat cures the 
insulating resin 14 and anchors the semiconductor 
element 3 on the circuit board 20, with the projecting 
electrodes 6 of the semiconductor element 3 being 
electrically connected to the contacts 4 of the 
interconnection pattern 2. 

One drawback of the foregoing conventional 
techniques is the poor strength and poor reliability of 
resin sealing. Further, the foregoing publications are 
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associated with fabrication problems caused by the 
insulating resin, when the insulating resin rises to the 
pressure applying tool or heat applying tool used to apply 
pressure or heat to the semiconductor element. Therefore, 
the foregoing prior art techniques do not qualify as a 
technique for resin sealing. 

Specifically, Publications 1 and 2 both employ a 
technique in which the projecting electrodes 6 of the 
semiconductor element 3 are aligned with the contacts 4 
of the interconnection pattern 2, and pressure is exerted 
on the semiconductor element 3 to push the insulating 
resin 14 sideways to the edges of the semiconductor 
element 3, as shown in Fig. 3(c) and Fig. 4(c). 

Thus, a phenomenon known as "resin repelling, 9 as 
indicated by arrow E, is caused when the amount of 
insulating resin 14 applied is small. Namely, due to poor 
wettability of the insulating resin 14, the pressure exerted 
on the semiconductor element 3 cannot spread the 
insulating resin 14, with the result that the insulating 
resin 14 remains in the vicinity of the semiconductor 
element 3. This may lead to a problem that a portion of 
the interconnection pattern 2 around the semiconductor 
element 3 is exposed in an area surrounded by the solder 
resist 5. Another deficiency is that the resin fillet, which 
is formed along the side surfaces of the semiconductor 



element to anchor the semiconductor element 3, cannot 
have enough size, with the result that the strength and 
reliability of resin sealing become poor. 

The problem of exposed pattern in the 
interconnection pattern 2 can be solved by allowing the 
insulating resin 14 to more easily migrate to the solder 
resist 5. This can be carried out by increasing the amount 
of insulating resin 14 applied. However, by "resin 
repelling" as indicated by arrow E, the insulating resin 14 
rises along the side surfaces of the semiconductor element 
3 in the direction of arrow F when the projecting 
electrodes 6 of the semiconductor element 3 are pressed 
against the contacts 4 of the interconnection pattern 2. 
This is problematic because the insulating resin 14 
adheres to the pressure applying tool and/ or heat 
applying tool used to apply pressure and/or heat to the 
semiconductor element 3. 

The problem of "resin rise" as indicated by arrow F is 
even more problematic these days in light of the 
development of thinner semiconductor devices with a 
proportionally reduced thickness of the semiconductor 
elements. 



SUMMARY OF THE INVENTION 
The present invention was made in view of the 
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foregoing problems, and it is an object of the present 
invention to provide a semiconductor device that excels in 
performance and quality, by improving strength and 
reliability of resin sealing and by preventing fabrication 
problems caused by "rise" of the insulating resin, and to 
provide a fabrication process of such a semiconductor 
device. 

In order to achieve the foregoing object, a 
semiconductor device of the present invention includes: 
an insulating substrate having an interconnection pattern; 
a semiconductor element, having a projecting electrode, 
electrically connected to the interconnection pattern via 
the projecting electrode; and a resin fillet for anchoring 
the semiconductor element, the resin fillet being an 
insulating resin containing at least a resin anti-repellent 
for adjusting wettability of the insulating resin. 

With this configuration, because the insulating resin 
contains a resin anti-repellent, a portion of the 
interconnection pattern around the semiconductor 
element can be prevented from being exposed in an area 
surrounded by the solder resist, when making electrical 
connections between the semiconductor element and the 
interconnection pattern. In addition, the resin fillet, which 
is formed under and around the semiconductor element, 
can increase in size. That is, the semiconductor element 
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can be more firmly anchored on the insulating substrate. 

As a result, the strength and reliability of resin 
sealing can be improved. Further, in the fabrication 
process, it is possible to prevent the problem of resin 
adhesion, which is caused when the insulating resin rises 
along the side surfaces of the semiconductor element and 
adheres to the pressure applying tool and/or heat 
applying tool used to apply pressure and/or heat to the 
semiconductor element, in connecting the semiconductor 
element with the interconnection pattern by applying 
pressure on the semiconductor element. These and other 
fabrication problems can thus be prevented. 

In order to achieve the foregoing object, a fabrication 
process of a semiconductor device according to the 
present invention includes: a solder resist coating step of 
coating a solder resist on the interconnection pattern 
formed on the insulating substrate, except for at least a 
portion of the interconnection pattern where a 
semiconductor element is to be mounted; an insulating 
resin applying step of applying an insulating resin on the 
interconnection pattern after the solder resist coating step, 
including the portion of the interconnection pattern where 
the semiconductor element is to be mounted; and a 
semiconductor element pressing step of placing the 
semiconductor element on the insulating resin applied, 
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and pressing the semiconductor element against the 
interconnection pattern on the insulating substrate, so as 
to make an electrical connection between a projecting 
electrode of the semiconductor element and the 
interconnection pattern, wherein the insulating resin used 
in the insulating resin applying step contains at least a 
resin anti-repellent for adjusting wettability of the 
insulating resin, and the insulating resin is applied in 
such a manner that a resin fillet is formed on side 
surfaces of the semiconductor element by a portion of the 
insulating resin pushed out from under the semiconductor 
element in the semiconductor element pressing step and 
by a portion of the insulating resin around the 
semiconductor element. 

With this fabrication process, because the insulating 
resin applied in the insulating resin applying step 
contains a resin anti-repellent, a portion of the 
interconnection pattern around the semiconductor 
element can be prevented from being exposed in an area 
surrounded by the solder resist, when making electrical 
connections between the semiconductor element and the 
interconnection pattern in the semiconductor element 
pressing step. In addition, the resin fillet, which is formed 
under and around the semiconductor element, can 
increase in size. That is, the semiconductor element can 



be more firmly anchored on the insulating substrate. 

As a result, the strength and reliability of resin 
sealing can be improved. Further, in the fabrication 
process, it is possible to prevent the problem of resin 
adhesion, which is caused when the insulating resin rises 
along the side surfaces of the semiconductor element and 
adheres to the pressure applying tool and/or heat 
applying tool used to apply pressure and/or heat to the 
semiconductor element, in connecting the semiconductor 
element with the interconnection pattern by applying 
pressure on the semiconductor element. These and other 
fabrication problems can thus be prevented. 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1(a) through Fig. 1(e) are cross sectional views 

schematically showing one example of a semiconductor 

device according to the present invention. 

Fig. 2(a) through Fig. 2(e) are cross sectional views 

schematically showing another example of the 

semiconductor device according to the present invention. 

Fig. 3 (a) through Fig. 3(d) are cross sectional views 
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schematically showing a semiconductor device of one 
conventional example. 

Fig. 4(a) through Fig. 4(d) are cross sectional views 
schematically showing a semiconductor device of another 
conventional example. 

DESCRIPTION OF THE EMBODIMENTS 
[First Embodiment] 

One embodiment of the present invention is 
described below with reference to Fig. 1(a) through Fig. 
1(e). It should be noted that the present invention is not 
limited by the following descriptions. 

A semiconductor device of the present invention 
includes an interconnection pattern formed on an 
insulating substrate. A semiconductor element is 
electrically connected to the interconnection pattern via 
projecting electrodes. A resin layer and a resin fillet are 
formed around the semiconductor element and between 
the semiconductor element and the insulating substrate. 
In the semiconductor device of the present invention 
according to this configuration, the resin fillet is formed 
using an insulating resin containing a resin anti-repellent 
for adjusting wettability of the insulating resin. 

More specifically, as shown in Fig. 1(e), the 
semiconductor device of the present embodiment includes 
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a circuit board 20, a semiconductor element 3, and a resin 
fillet 11, among other components. 

The circuit board 20 includes an insulating tape 1, 
an interconnection pattern 2, and a solder resist 5. The 
insulating tape 1 is provided as an insulating substrate, 
and the interconnection pattern 2 is provided on a surface 
of the insulating tape 1. The insulating tape 1 is 
preferably bendable. However, the insulating tape 1 is not 
particularly limited so long as it is an insulator and has a 
surface that allows the interconnection pattern 2 to be 
formed. Specifically, polyimide-based insulating tapes, 
containing polyimide or captone for example, are 
preferable. The thickness of the polyimide-based 
insulating tape is not limited to a particular thickness, 
but is preferably thin in order to provide enough flexibility. 
Specifically, a thickness in a range of 15 \im to 40 p.m is 
preferable. More specifically, a thickness of, for example, 
15 jim, 20 pm, 25 pm, 38 |im, or 40 is preferable. 

The interconnection pattern 2 is not particularly 
limited so long as it is conductive and suitably patterned 
according to the configuration or use of the semiconductor 
device. For example, an interconnection pattern of a metal 
thin film is available. The interconnection pattern 2 is not 
particularly limited to a particular metal, but copper is 
preferable. Further, the interconnection pattern 2 is 
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preferably a thin film, for which a copper foil is preferably 
used. The thickness of the interconnection pattern 2 is 
preferably in a range of 5 jim to 18 pm. More specifically, 
a thickness of, for example, 5 pm, 8 jim, 9 pm, 12 jim, or 
18 jim is preferable. 

When the interconnection pattern 2 is a copper foil, 
the surface of the interconnection pattern 2 is preferably 
plated to prevent corrosion. The kind of plated metal is 
not particularly limited, but tin or gold is preferable. Note 
that, for simplicity, Fig. 1(a) through Fig. 1(e) do not 
illustrate plating. 

The method of forming the interconnection pattern 2 
on the insulating tape 1 and the method of plating the 
surface of the interconnection pattern 2 are not 
particularly limited. Any conventionally known methods 
can be suitably used therefor. 

With the circuit board 20, which is thin and 
bendable, a COF semiconductor device can be fabricated. 

The COF or TCP semiconductor device has a 
structure in which a semiconductor element is mounted 
on the flexible circuit board by being bonded thereon. The 
COF or TCP semiconductor device is commonly used for 
liquid crystal display devices in particular. Specifically, 
when the semiconductor element is a liquid crystal driver 
IC, the COF or TCP semiconductor device can serve as a 
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liquid crystal driver for driving a liquid crystal panel. The 
liquid crystal driver may be combined with the liquid 
crystal panel to realize a liquid crystal module, which may 
be incorporated as a display section in various types of 
electronic devices. 

In TCP, a portion of the insulating tape where the 
semiconductor element is to be mounted has an opening 
known as a device hole. Through the device hole, the inner 
leads, which are an interconnection pattern, are 
cantilevered, so as to make electrical connections between 
the tips of the inner leads and the semiconductor element. 

In COF, on the other hand, the insulating tape does 
not have an opening for mounting the semiconductor chip. 
Instead, the interconnection pattern to be connected to 
the electrodes of the semiconductor element is formed on 
a surface of the insulating tape. 

COF enables more high-density packing than TCP, 
the TCP being one method of semiconductor packaging. 
Therefore, COF is more advantageous than TCP in 
packaging chips in a complicated area. 

As described, the COF semiconductor device using 
the conventional MBB technique has the problem of poor 
strength and poor reliability of resin sealing. Further, 
serious problems may be caused in the fabrication process 
The present invention successfully prevents these 
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problems to provide a high-performance and high-quality 
semiconductor device, as will be described later. 

Note that, the present invention is not just limited to 
the described embodiment in which the circuit board 20 is 
prepared using the insulating tape 1. Alternatively, the 
circuit board 20 may be prepared by forming the 
interconnection pattern 2 on various types of conventional 
insulating substrates. 

That is, the present invention is applicable not only 
to the COF semiconductor device but also to a wide variety 
of semiconductor devices in which a semiconductor 
element is formed on the insulating substrate having an 
interconnection pattern. 

The semiconductor element 3 is not particularly 
limited so long as it includes various types of integrated 
circuits according to the use of the semiconductor device. 
For example, conventionally available semiconductor chips 
or ICs may be used. 

The semiconductor element 3 has projecting 
electrodes 6. The projecting electrodes 6 are used to make 
electrical connections between the semiconductor element 
3 and the interconnection pattern 2. The projecting 
electrodes 6 are not particularly limited, but bumps are 
suitably used for example. The material of the projecting 
electrodes 6 is not limited to a particular type of material 
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so long as it is conductive and provides good contacts 
with the interconnection pattern 2. For example, gold is 
preferably used for the projecting electrodes 6. Note that, 
the term "contacts 4" will be used to refer to portions of 
the interconnection pattern 2 where the electrical 
connections with the projecting electrodes 6 are made. 

The circuit board 20 is coated with the solder resist 
5, except for portions where the contacts 4 are provided 
and for portions where connectors (not shown) providing 
external connections are provided. In other words, the 
contacts 4 and portions of the circuit board 20 in the 
vicinity of the connectors are not covered with the solder 
resist 5 but are exposed to make contacts with the 
projecting electrodes 6 of the semiconductor element 3 
and with external devices during fabrication. 

The solder resist 5 is a heat resistance coating 
applied to specific regions on the printed circuit board to 
insulate the interconnection pattern 2. The solder resist 5 
is not particularly limited, and any conventionally 
available solder resist may be suitably used. 

The resin fillet 11 is a resin with an insulating 
property. The resin fillet 11 anchors the semiconductor 
element 3, with the projecting electrodes 6 being 
electrically connected to the contacts 4 of the 
interconnection pattern 2. In the present embodiment, the 
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resin fillet 1 1 is made of an insulating resin 7 containing 
a resin anti-repellant. 

The type of insulating resin 7 containing a resin 
anti-repellant is not particularly limited so long as it can 
insulate the semiconductor element 3, other than the 
regions where the projecting electrodes 6 are provided, 
from the interconnection pattern 2. In the present 
invention, a light curable resin or a thermosetting resin is 
preferably used for the insulating resin 7. With the use of 
these resins, the insulating resin 7 can be readily cured 
by irradiation of light or by applied heat. 

Examples of the light curable resin and 
thermosetting resin include but are not particularly 
limited to epoxy resins and acryl resins. 

The resin anti-repellant adjusts wettability of the 
insulating resin. Note that, the resin anti-repellant will be 
described later in connection with the fabrication process 
of the semiconductor device to be described later. 

The semiconductor device of the present embodiment 
is connected to various devices such as a liquid crystal 
panel or a printed board via the connectors (not shown) of 
the interconnection pattern 2 providing external 
connections. The layout of the connectors is not 
particularly limited, and is suitably selected according to 
the type of device component to be connected. 
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The fabrication process of the semiconductor device 
of the present embodiment includes a solder resist coating 
step, an insulating resin applying step, and a 
semiconductor element pressing step. 

The solder resist coating step is a step in which the 
solder resist 5 is coated on the interconnection pattern 2 
formed on the surface of the insulating tape 1, without 
covering at least the portions of the interconnection 
pattern 2 where the semiconductor element 3 is to be 
mounted, i.e., the contacts 4 of the interconnection 
pattern 2, as shown in Fig. 1(a). 

The extent to which the contacts 4 are exposed is not 
particularly limited so long as the exposed portions of the 
interconnection pattern 2 ensure bonding with the 
projecting electrodes 6 of the semiconductor element 3. 
Further, the method or condition of forming the solder 
resist 5 is not particularly limited. A conventionally 
known coating method can be suitably used therefor. 

The insulating resin applying step is followed by the 
solder resist coating step, as shown in Fig. 1(b). In the 
insulating resin applying step, the insulating resin 7 is 
applied on the interconnection pattern 2, including the 
contacts 4. The method of applying the insulating resin 7 
is not particularly limited and a conventionally known 
application method can be suitably used, so long as the 
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resin fillet 11 is formed on the side surfaces of the 
semiconductor element 3 in the semiconductor element 
pressing step by a portion of the insulating resin 7 that is 
pushed out from under the semiconductor element 3 and a 
portion of the insulating resin 7 around the edges of the 
semiconductor element 3. 

It should be noted here that the region of the 
interconnection pattern 2, including the contacts 4, where 
the insulating resin 7 is applied is not limited to a 
particular region. For example, the insulating resin 7 may 
be applied in such a region that the insulating resin 7 is 
in contact with or partially covers the solder resist 5. 
Alternatively, the insulating resin 7 may be applied in the 
vicinity of the solder resist 5, so as to cover the solder 
resist 5 by bleeding. 

By thus applying the insulating resin 7 so that the 
insulating resin 7 is in contact with or partially covers the 
solder resist 5, it is ensured that a portion of the 
interconnection pattern 2 around the semiconductor 
element 3 is prevented from being exposed in an area 
surrounded by the solder resist 5, i.e., an area where the 
solder resist 5 is not formed. Further, it is ensured that 
the resin fillet 1 1 is formed in the semiconductor element 
pressing step, to be described later. 

In the semiconductor element pressing step, as 
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shown in Fig. 1(c), the semiconductor element 3 is placed 
above the insulating resin 7, and is pressed down onto the 
surface of the interconnection pattern 2 (in the direction 
of arrow A), so as to make electrical connections between 
the projecting electrodes 6 of the semiconductor element 3 
and the contacts 4 of the interconnection pattern 2. 

The means (pressure applying means) to apply 
pressure on the semiconductor element 3 is not 
particularly limited, and a conventionally known pressure 
applying tool can be suitably used. A pulse heating tool is 
particularly preferable. The conditions for applying 
pressure are not particularly limited, so long as the 
applied pressure does not break the semiconductor 
element 3 but is strong enough to push out the insulating 
resin 7 and to sufficiently make electrical connections 
between the projecting electrodes 6 and the contacts 4. 

In the present embodiment, the insulating resin 7 
used in the insulating resin applying step contains at 
least a resin anti-repellent to provide improved wettability, 
thereby preventing potential problems associated with 
wettability of the insulating resin 7. The following 
describes how wettability of the insulating resin 7 is 
adjusted. 

A solid surface is usually in contact with air and 
absorbs gas to form a solid-gas interface. In order bring 
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liquid into direct contact with solid, the liquid must break 
through the solid-gas interface and form a solid-liquid 
interface. The ability of the liquid to form a solid-liquid 
interface from a solid-gas interface is called "wettability." 

The resin fillet 11 is formed by the following 
sequence of steps: applying the insulating resin 7 on the 
circuit board 20, applying pressure on the semiconductor 
element 3, and curing the insulating resin 7, as described 
above. 

However, in the insulating resin 14 of the 
conventional example (see Fig. 3(c) or Fig. 4(c)), due to 
poor wettability, the "resin repelling" phenomenon is 
caused in which the insulating resin 14 does not spread 
over the surface of the interconnection pattern 2 or to the 
vicinity of the solder resist 5. Thus, when the amount of 
insulating resin 14 applied is small, the interconnection 
pattern 2 is easily exposed in regions where the solder 
resist 5 is not formed. In addition, the resin fillet 11 
cannot have a sufficient size. On the other hand, when the 
insulating resin 14 is applied in a large amount, "resin 
repelling" causes the insulating resin 14 to rise along the 
side surfaces of the semiconductor element 3 in an 
excessive amount, causing the problem of resin adhesion, 
in which the insulating resin 14 adheres to the pressure 
applying tool or heat applying tool. 
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In the present embodiment, however, the insulating 
resin 7 contains a resin anti-repellent to improve 
wettability and suppress resin repelling. It should be 
noted here that the wettability of the insulating resin 7 is 
the ability of the insulating resin 7 to wet the circuit 
board 2, the insulating substrate 1, and the solder resist 
5. 

In the semiconductor element pressing step, as 
shown in Fig. 1(d), the insulating resin 7 is pushed out by 
the applied pressure (in the direction of arrow A) on the 
semiconductor element 3 and spreads (in the direction of 
arrow B) to the edges of the semiconductor element 3, 
thereby preventing the interconnection pattern 2 from 
being exposed in regions where the solder resist is not 
formed. Further, by controlling resin repelling, the "rise" 
of the insulating resin 7 can be limited. As a result, the 
insulating resin 7 can desirably form the resin fillet 1 1 by 
having enough affinity to the side surfaces of the 
semiconductor element 3 but weak enough to prevent 
contact with the pressure applying tool or heat applying 
tool. 

The resin anti-repellent used in this embodiment is 
not particularly limited so long as it can adjust the 
wettability of the insulating resin. Specifically, a 
surfactant is preferably used. By using a surfactant for 
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the resin anti-repellent, the problem of resin repelling can 
be prevented in the insulating resin. This improves the 
strength and reliability of resin sealing, and effectively 
solves the problems caused in the fabrication process. 

The surfactant is suitably selected according to the 
type of insulating resin. Accordingly, the type or amount 
of surfactant used is not particularly limited. 

In the fabrication process of the semiconductor 
device of the present embodiment, the semiconductor 
element pressing step is followed by a resin curing step, 
in which the insulating resin 7 forming the resin fillet 1 1 
is cured. The conditions of resin curing in the resin curing 
step are not particularly limited, and are suitably selected 
according to the type of the insulating resin 7. In the 
present embodiment, the insulating resin 7 is preferably a 
light curable resin or a thermosetting resin. Therefore, in 
the resin curing step, the insulating resin 7 forming the 
resin fillet 1 1 is cured by irradiation of light on the resin 
fillet 11, or by irradiation of light, through the circuit 
board 20, on the insulating resin 7 between the 
semiconductor element 3 and the circuit board 20. In the 
case of a thermosetting resin, heat is applied to cure the 
insulating resin 7. 

For example, when the thermosetting resin is an 
epoxy resin, a pulse heating tool is used to apply heat (in 
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the direction of arrow C) in a temperature range of 230°C 
to 250°C while applying pressure on the semiconductor 
element 3, as shown in Fig. 1(e). The applied heat cures 
the resin and anchors the semiconductor element 3 on the 
surface of the circuit board 20, with the semiconductor 
element 3 being electrically connected to the circuit board 
20. 

As described, the present invention uses a resin 
containing a resin anti-repellent to form a resin fillet. 
Thus, when making electrical connections with the 
semiconductor element, a portion of the interconnection 
pattern around the semiconductor element is prevented 
from being exposed in an area surrounded by the solder 
resist. In addition, the resin fillet formed under and 
around the semiconductor element can increase in size. 

Further, in applying pressure on the semiconductor 
element to make electrical connections with the 
interconnection pattern, it is possible to prevent the 
problems of "resin rise* and "resin adhesion," which are 
caused during the fabrication process when the insulating 
resin rises along the side surfaces of the semiconductor 
element 3 and adheres to the pressure applying tool or 
heat applying tool used to apply pressure or heat to the 
semiconductor element. These and other fabrication 
problems can thus be prevented by the present invention. 
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The present invention is therefore suitably used in 
the fabrication of COF semiconductor devices, as well as 
the fabrication of various devices using the COF 
semiconductor device, including portable phones, portable 
information terminals, and liquid crystal display panels, 
for example. 

[Second Embodiment] 

The following describes another embodiment of the 
present invention with reference to Fig. 2(a) through Fig. 
2(e). It should be appreciated that the present invention is 
not limited by the following descriptions. For simplicity, 
elements having the same functions as those already 
described in the First Embodiment are given the same 
reference numerals and explanations thereof are omitted 
here. 

In the First Embodiment, the resin fillet 11 is 
produced from the insulating resin 7 containing a resin 
anti-repellent. In the Second Embodiment, however, the 
resin fillet 11 is produced from an insulating resin 12 
containing conductive particles 21 dispersed in the 
insulating resin 12, in addition to a resin anti-repellent, 
as shown in Fig. 2(e). 

By the conductive particles 21 dispersed in the 
insulating resin 12 forming the resin fillet 11, the 
projecting electrodes 6 of the semiconductor element 3 
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and the contacts 4 of the interconnection pattern 2 on the 
insulating tape 1 can be connected to each other via the 
conductive particles 21. This improves the electrical 
connections between the semiconductor element 3 and the 
interconnection pattern 2. 

The conductive particles 21 used in the present 
embodiment are not particularly limited. Specifically, 
Au-coated resin particles or Ni-coated resin particles can 
be suitably used, for example. 

The method of dispersing the conductive particles 21 
in the insulating resin containing a resin anti-repellent is 
not particularly limited. For example, any conventionally 
known method can be used to disperse the conductive 
particles 21 in the insulating resin containing a resin 
anti-repellent, before the resin is cured. Further, the 
dispersed state of the conductive particles 21 in the 
insulating resin containing a resin anti-repellent is not 
limited to a particular state. For example, the conductive 
particles 21 may be used in a suitable amount according 
to the type or particle size of the conductive particles 21, 
and may be added to the insulating resin containing a 
predetermined amount of resin anti-repellent and 
sufficiently mixed therein. 

The following describes the fabrication process of the 
semiconductor device of the present embodiment. As 
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shown in Fig. 2(a) through Fig. (e), the fabrication process 
of the present embodiment, as in the First Embodiment, 
includes the solder resist coating step, the insulating 
resin applying step, the semiconductor element pressing 
step, and the resin curing step. The operations in each 
step are also the same as in the First Embodiment. The 
fabrication process of the present embodiment differs from 
that of the First Embodiment in that the semiconductor 
device is fabricated using the insulating resin 12 
containing the conductive particles 21 dispersed in the 
insulating resin 12, in addition to the resin-anti-repellent, 
as shown in Fig. 2(b) through Fig. 2(e). With the use of the 
insulating resin 12, a semiconductor device is fabricated 
in which electrical connections between the semiconductor 
element 3 and the interconnection pattern 2 are made via 
the conductive particles 21, as shown in Fig. 2(e), at 
points of contact indicated by reference numeral 13. 

As described, the semiconductor device and the 
fabrication process thereof according to the present 
embodiment use the insulating resin containing at least a 
resin anti-repellent. For improved reliability of the 
bonding between the semiconductor element 3 and the 
interconnection pattern 2, the insulating resin may 
contain an additional material such as the conductive 
particles 2 1 . 
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The semiconductor device of the present invention 
according to the foregoing configuration, as described in 
the First and Second Embodiments, may be adapted so 
that the insulating substrate is an insulating tape that is 
bendable. 

The COF semiconductor device using a conventional 
MBB technique has the problem of poor strength and poor 
reliability of resin sealing, and is associated with serious 
fabrication problems. These problems are successfully 
overcome by the foregoing configuration of the present 
invention. As a result, a high performance and high 
quality semiconductor device is realized. 

Further, the semiconductor device of the present 
invention according to the foregoing configuration may be 
adapted so that the resin anti-repellent is a surfactant. 

With this configuration, by using a surfactant as the 
resin anti-repellent, the problem of resin repelling in the 
insulating resin can be prevented. As a result, the 
strength and reliability of resin sealing can be improved, 
in addition to effectively avoiding fabrication problems. 

Further, the semiconductor device of the present 
invention according to the foregoing configuration may be 
adapted so that the insulating resin is a light curable 
resin or a thermosetting resin. 

With this configuration, the insulating resin can 



- 30 - 

easily be cured by irradiation of light or application of 
heat, making it possible to improve strength and 
reliability of resin sealing with a simple fabrication step. 

Further, the semiconductor device of the present 
invention according to the foregoing configuration may be 
adapted so that the insulating resin contains conductive 
particles dispersed in the insulating resin. 

With this configuration, the conductive particles 
dispersed in the insulating resin enables the 
semiconductor element to be connected, via the 
conductive particles, to the interconnection pattern on the 
insulating substrate. This ensures the electrical 
connections between the semiconductor element and the 
interconnection pattern. 

Further, the fabrication process of a semiconductor 
device according to the present invention may be adapted 
so that the insulating substrate used is an insulating tape 
that is bendable. 

The COF semiconductor device using a conventional 
MBB technique has the problem of poor strength and poor 
reliability of resin sealing, and is associated with serious 
fabrication problems. These problems are successfully 
overcome by the foregoing configuration of the present 
invention. As a result, a high performance and high 
quality semiconductor device is realized. 
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Further, the fabrication process of a semiconductor 
device according to the present invention may be adapted 
so that, in the step of applying an insulating resin, the 
insulating resin containing the resin anti-repellent is 
applied in such a manner that the insulating resin is in 
contact with the solder resist surrounding the insulating 
resin, or that the insulating resin partially covers the 
solder resist, or the insulating resin is applied in the 
vicinity of the solder resist to cover the solder resist by 
bleeding. 

With this fabrication process, the insulating resin is 
applied so that the insulating resin is in contact with the 
solder resist, or partially covers the solder resist, or the 
solder resist applied in the vicinity of the solder resist 
covers the solder resist by bleeding. This ensures that a 
portion of the interconnection pattern around the 
semiconductor element is prevented from being exposed in 
an area surrounded by the solder resist. Further, in 
providing a semiconductor device, it is ensured that a 
resin fillet is formed in the semiconductor element 
pressing step. 

Further, the fabrication process of a semiconductor 
device according to the present invention may be adapted 
so that the resin anti-repellent used is a surfactant. 

With this fabrication process, by using a surfactant 
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as the resin anti-repellent, the problem of resin repelling 
in the insulating resin can be prevented. As a result, the 
strength and reliability of resin sealing can be improved, 
in addition to effectively avoiding fabrication problems. 

The invention being thus described, it will be obvious 
that the same way may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
following claims. 



